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ABSTRACT

Aim/Purpose The study investigated how immersive learning environments could be used to
encourage student engagement and reuse intentions by integrating desktop aug-
mented reality (AR) into the classroom among primary school students.

Background This paper addresses the potential applications of immersive technology for
younger learners and understanding in Thai primary education by exploring the
implementation of desktop AR as an immersive learning tool. Despite the po-
tential benefits of immersive learning and the development of immersive learn-
ing systems for older learners, investigating immersive learning tools for
younger learners has lagged behind technological development. This can be at-
tributed partly to the cost and technical form of early immersive technologies.

Methodology By conducting a multi-stage research and development that evaluates the practi-
cal application of desktop AR in a classroom setting on student engagement and
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reuse intention, the study used an explanatory sequential mixed methods re-
search design, pairing an experimental trial and survey with expert interviews. A
desktop-based AR software application designed to teach science was devel-
oped based on standard curricula and materials for the appropriate age group.

The trial and survey were conducted among Grade 6 students in three primary
schools (n=480).

This research has academic, practical, and policy implications. The academic
contribution of the research lies in the linkage of the 5E instructional frame-
work and immersive learning. The research’s practical application lies in the de-
velopment and commercialization of an immersive learning application targeted
to the specific needs of primary school students in Thailand. The research’s pol-
icy contribution lies in its illustration of the potential of immersive learning for
the classroom. By conducting research into immersive learning at the primary
level, the researcher can provide information to policymakers refining the na-
tional core curriculum to meet the needs of 21st-century learning in Thailand.
While this is only one data point in the revision of a large curriculum, this kind
of information could help promote advanced learning in similar emerging coun-
tries.

The survey findings revealed that presence and embodiment did not signifi-
cantly influence user engagement, but enjoyment and novelty did have a signifi-
cant influence. Enjoyment, novelty, and user engagement had a significant ef-
fect on reuse intentions for the software. Expert interviews were conducted
with science teaching experts from three primary schools. Their views of the
software were positive, but practical implementation issues, such as the cost of
the software, were noted. The implications of the study include differences be-
tween younger and older learners in user engagement and that there may be
practical limitations on the implementation of immersive learning at the primary
level.

The study contributes pragmatically by illustrating both the value that immer-
sive learning could provide at the primary level and the limitations of imple-
menting immersive learning. Furthermore, the study suggests that desktop-
based immersive learning may not be as engaging as mobile device-based im-
mersive learning.

The study has contributed to the literature by investigating immersive learning
in a relatively unusual group. It has shown that primary learners may be differ-
ent in terms of the factors in their engagement and what determines their reuse
intentions for technology than older learners.

The integration of desktop AR in Thai primary education has the potential to
transform educational practices and outcomes by enhancing student engage-
ment and understanding through immersive learning experiences. AR can help
bridge educational gaps, particularly in underserved regions. This technology
encourages active participation and collaboration among students, fostering crit-
ical thinking and problem-solving skills essential for the 21st century. Further-
more, as students become more adept at using advanced technologies, they are
better prepared for future workforce demands, contributing to a more skilled
and innovative society. Ultimately, the successful implementation of AR in edu-
cation can lead to a more informed and capable citizenry, driving social progress
and economic development.
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Future Research Additional research into how younger students engage with immersive learning
environments would be appropriate to understand better some of the different
findings that occur when younger students are investigated. Another oppoz-
tunity for further research is the comparison of desktop-based vs mobile-based
to evaluate different effects on user engagement and learning outcomes.

Keywords augmented reality, immersive learning, primary education, reuse intention, user
engagement
INTRODUCTION

Potential applications of immersive technologies, such as augmented reality (AR) and virtual reality
(VR), are an exciting area of development. Immersive technologies facilitate embodied learning, in
which the individual’s senses and physical body become engaged in the learning process as they apply
their theoretical knowledge in the physical world (Lindgren & Johnson-Glenberg, 2013). At the uni-
versity and professional level, immersive technologies such as VR have been used for experiential
learning, for example, surgical training (de Leo et al., 2014). Such virtual learning environments,
which are long-established, allow learners to apply their theoretical knowledge and develop the physi-
cal skills required to implement this knowledge (Tang et al., 2022). In other words, immersive tech-
nologies can be used to create an immersive learning environment where learners are both cogni-
tively and physically engaged in the learning process (Oprean & Balakrishnan, 2020).

The promise of immersive learning is beginning to translate into market implementation. According
to one estimate, the global market value of so-called ‘metaverse education’ was $2.5 billion as of 2024
(Statista, 2024). This market is expected to grow rapidly at a rate of 46.14% annually up to 2030, lead-
ing to an estimated market value of $24.7 billion by 2030 (Statista, 2024). However, this implementa-
tion is not equally distributed internationally. According to recent statistics, about 40% of the immer-
sive learning market is in the United States, with China ($283 million) being the second largest mar-
ket (Statista, 2024). In Thailand, the market is estimated at only $9.9 million as of 2024 but is ex-
pected to rise to $107.8 million by 2030 (Statista, 2024). Thus, while still small, immersive learning
will be a much larger market in a few years. The research reported here focused on how to develop
immersive learning tools for an underserved market: elementary learners.

Despite the potential benefits of immersive learning and the development of immersive learning sys-
tems for older learners, investigating immersive learning tools for younger learners has lagged behind
technological development. This can be attributed partly to the cost and technical form of early im-
mersive technologies. Until the development of relatively inexpensive VR systems, such as the Ocu-
lus Rift, and the widespread adoption of smartphones in the eatly to mid-2010s, immersive technolo-
gles were expensive and difficult to use (Hung et al., 2021). The introduction of Pokémon Gol in
2016 marks the point where immersive technologies entered the entertainment sphere (Bueno et al.,
2020). There have been some studies that have highlighted the potential of immersive learning for
young learners. The technology can be used to facilitate ‘virtual field trips,” where students use AR
and VR to view different places (Han, 2020). Immersive technology can also be used to facilitate sci-
ence learning by enabling experimentation (Kang et al., 2021; Lindgren et al., 2013, 2016). However,
there are still unanswered questions about how virtual technologies affect the learning process, espe-
cially at the elementary level.

Immersive learning has been promoted internationally as a revolutionary tool for education at all lev-
els (Frehlich, 2020). Although the research on immersive learning at the elementary level is sparse,
there have been studies undertaken in countries including South Korea (Han, 2020), Pakistan (Afnan
et al,, 2021), Malaysia (Alalwan et al., 2020) and the United States (Lindgren et al., 2016) among oth-
ers. Thus, the question of how immersive learning can be used at the elementary level to promote
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learning is of international interest. As Alalwan et al. (2020) pointed out, the perspective from devel-
oping countries may be different from earlier studies in high-income countries due to the need to im-
plement immersive learning using less expensive equipment than the full virtual reality (VR) or pro-
jector-based AR systems used by others. By studying immersive learning environments in the Thai
elementary classroom, this research contributes to the international body of knowledge.

Immersive learning has been recognized as an important approach to learning in the future of Thai-
land (Phakamach et al., 2022; Soodtoetong & Rattanasiriwongwut, 2024). The use of a metaverse, or
social immersive learning, has been proposed as a future improvement to teaching and learning
among learners of all ages (Phakamach et al., 2022). Authors have also pointed to the importance of
virtual reality in science, technology, engineering, and mathematics (STEM), which is an area of
learning that is both critical for Thailand’s future economic development and where Thailand under-
performs (Soodtoetong & Rattanasiriwongwut, 2024). Despite the promoted importance of immer-
sive learning, there has been limited research in the elementary context. Like the international litera-
ture, the studies that have been conducted in Thailand focus on secondary and tertiary education
(Jantakoon et al., 2019; Soodtoetong & Rattanasiriwongwut, 2024; Watthanapas et al., 2023; Yamyim
et al., 2022). Thus, this research contributes to the literature by investigating how immersive learning
can be used in the elementary classroom.

This study investigated the question of how immersive learning environments could be used to en-
courage learning engagement and reuse intentions among primary school students in Thailand. A
desktop immersive learning environment was developed and deployed in a pilot test. Objectives for
the test included (1) developing and testing the immersive learning framework, (2) investigating how
the immersive learning framework influenced engagement and reuse intention, and (3) developing
recommendations for improvement and implementation of desktop learning environments based on
the outcomes of the pilot test and interviews with primary educators. These objectives were investi-
gated first through the lens of a literature review.

LITERATURE REVIEW

THEORETICAL FRAMEWORK: USER ENGAGEMENT AND REUSE INTEN-
TIONS

The theoretical framework connects user engagement for AR and reuse intentions. User engagement
in technology refers to a cluster of cognitive and emotional processes that users experience in rela-
tion to the technology they use (O’Brien & Toms, 2008). User engagement may be viewed through
different theoretical lenses, including flow theory (Csikszentmihalyi, 1990) and the philosophy of ex-
perience (Dewey, 1938). However, a wide array of other contributions have formalized a theory of
user engagement as it applies to modern technology (O’Brien, 2016). User engagement can be for-
mally defined as “a category of user experience characterized by attributes of challenge, positive af-
fect, endurability, aesthetic and sensoty appeal, attention, feedback, variety/novelty, interactivity, and
perceived user control” (O’Brien & Toms, 2008, p. 941). User engagement contributes to user behav-
iors such as disengagement (where users stop using the technology) and reengagement (where users
choose to use the technology again) (O’Brien & Toms, 2008).

A particularly useful approach to understanding user engagement for this research is flow theory,
which is focused on flow activities (O’Brien, 2016). Flow activities are activities that are emotionally
and cognitively enjoyable and absorbing, such that those who engage in the activity will continue just
for the enjoyment of the activity (O’Brien, 2016). Flow experience is an important aspect of learning
through technology, as without sufficient engagement in the material and enjoyment, users will not
continue to use the technology, limiting their learning outcomes (Sun et al., 2017). Additionally, flow
experience is itself an important part of the cognitive learning process (Csikszentmihalyi, 1990). Fur-
thermore, aspects of the flow experience, including enjoyment and novelty, contribute to reuse inten-



Laoharutanun, Songkram, & Hoonsopon

tions for technology (Venkatesh et al., 2012). Reuse intentions are different from initial usage inten-
tions for technology because they are based on the user’s prior experience with the technology, not
only on their preliminary evaluation of the technology (Jahn et al., 2021). Therefore, there is a good
reason to investigate the connection between user engagement and reuse intentions, as they are theo-
retically linked through flow theory and other theorties.

AUGMENTED REALITY (AR) AND IMMERSIVE LEARNING

Augmented reality (AR) is one of a cluster of so-called immersive technologies that blend computet-
generated visual and sound elements with the physical environment to create a specific sensory envi-
ronment (Suh & Prophet, 2018). AR uses a combination of computer-generated outputs overlaid
across the physical environment to modify this environment and enable different types of environ-
mental interaction to take place (Tang et al., 2022). While AR and other forms of immersive technol-
ogy have been used in a variety of different contexts, according to Tang et al. (2022), the introduction
of immersive technology to education is relatively recent. The introduction of less expensive and
more powerful AR systems has enabled the introduction of AR as a tool for immersive learning,
which uses immersive technologies to promote experiential learning in previously inaccessible ways
(Kuhail et al., 2022). Although AR is commonly implemented today as a mobile phone or other mo-
bile device-based function (Kuhail et al., 2022), there are still some significant advantages to desktop-
based AR, including classroom presence and greater display and rendering capabilities compared to
mobile devices (Prit Kaur et al., 2022).

While AR has been posited to have a potentially revolutionary effect on primary education (Basuma-
tary & Maity, 2023), it is unclear to what extent AR is actually used in classroom contexts. Basuma-
tary and Maity (2023), who conducted a literature review on AR in primary education, showed that it
could have significant effects on learner engagement, enjoyment, and learning outcomes. However,
significant technical and resource barriers and problems like learner overload were also identified.
Additionally, the authors identified relatively few studies (including only 25 journal articles over their
10-year period of 2012-2021), suggesting a paucity of research compared to other AR learning con-
texts. Another study found that AR learning applications for young learners were generally non-inter-
active and unfocused (Afnan et al., 2021). Lack of time, resources, and attention, along with lack of
teacher knowledge, were also identified in another study as barriers to AR use in elementary schools
(Alalwan et al., 2020). Therefore, despite the potential role of AR in elementary learning, to date, its
adoption has been limited due to these barriers. Of particular interest here is user engagement in im-
mersive learning.

USER ENGAGEMENT IN IMMERSIVE LEARNING

Learner engagement can be defined as ... a collection of mindfully goal-directed behaviors and re-
flections demonstrated to indicate a meaningful and deep involvement in learning activities” (Ke et
al., 2016, p. 1181). Learner engagement can be viewed as a combination of cognitive, emotional, and
behavioral elements, which together contribute to the extent to which learners will participate in and
expend effort toward the learning objectives (Halverson & Graham, 2019). This research focuses on
a specific type of learner engagement — user engagement in the immersive learning system or, in
other words, the degree to which an immersive learning system user participates in and becomes in-
volved with the learning activities (Oprean & Balakrishnan, 2020). Oprean and Balakrishnan’s (2020)
immersive learning framework argues that there are four dimensions of the immersive learning envi-
ronment itself that influence user engagement: presence, embodiment, enjoyment, and novelty.
These four dimensions can each potentially contribute to user engagement.

User presence, or the sense of ‘being’ physically in the AR location or environment (Oprean & Bala-
krishnan, 2020), has been identified as a factor in user engagement in other immersive learning stud-
ies. One of these studies investigated the use of desktop AR-based ‘remote field trips,” in which stu-
dents visited sites using AR (Han, 2020). Students identified a higher sense of presence than tradi-
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tional (non-AR) virtual tours, which was associated with a greater sense of engagement in student in-
terviews. A second adult learning study, which investigated virtual visits to art museums, also identi-
fied a greater sense of presence (especially social presence) as a factor in user engagement (Elwood,
2018). Therefore, the first hypothesis is:

H1: Presence has a positive effect on user engagement in the immersive learning environment.

User embodiment can refer to several different aspects of embodied cognition, such as physical em-
bodiment within the virtual environment (Kilteni et al., 2012) or social embodiment or the sense of
being ‘socially’ within a space (Barsalou et al., 2003). Evidence for the importance of embodiment in
user engagement comes from projects such as the METeor simulation project, which uses projector-
based AR to teach elementary students about planetary systems (Lindgren et al., 2013, 2016). These
studies have compared desktop simulation and whole-body simulation for the same content, showing
that groups that experienced the whole-body simulation had higher levels of enjoyment and engage-
ment in the learning process. The IMAGINE interactive smart space provides more evidence (Gel-
somini et al., 2020). This study illustrated that embodied learning increased engagement and that it
was higher among the experimental group. Therefore, the second hypothesis is:

H2: Embodiment has a positive effect on user engagement in the immersive learning environ-
ment.

Enjoyment simply refers to the perceived fun involved in using the system (Oprean & Balakrishnan,
2020). Enjoyment is routinely associated with both learner and user engagement. One experiment on
‘serious games’ found that enjoyment of a simulation was associated with interest and engagement in
the learning material, regardless of whether the simulation content was gamified or not (Imlig-Iten &
Petko, 2018). Another study investigated learner engagement in foreign language learning (Guo,
2021). Guo (2021) found that enjoyment of foreign language learning was directly associated with
learner engagement. The study also found evidence of a potential bidirectional or cyclical relationship
in which feedback between enjoyment and learner engagement increased both. Based on this evi-
dence, the third hypothesis is stated as:

H3: Enjoyment has a positive effect on user engagement in the immersive learning environ-
ment.

Novelty refers to the extent to which the system is viewed as new or interesting compared to past ex-
petiences (Oprean & Balakrishnan, 2020). Novelty has less research focus than other aspects of the
immersive learning environment. One study on immersive music learning at the primary level sug-
gested (but did not prove) that the novelty of the learning environment contributed to higher levels
of interest and engagement among pupils (Innocenti et al., 2019). A study that investigated immersive
learning in undergraduate science learning found that there were initially high levels of user engage-
ment but did note that these may fall over time as the technology becomes more familiar (Salar et al.,
2020). Based on these studies, the research contributes to understanding novelty by investigating the
following hypothesis:

H4: Novelty has a positive effect on user engagement in the immersive learning environment.

While user engagement is likely to have an effect on reuse intention for technology (which is dis-
cussed in more detail below), learner enjoyment and novelty may also influence reuse intention.
These factors are discussed in the next section.

FACTORS IN REUSE INTENTION

A further outcome of interest is reuse intention for the technology, or the uset’s desire to and con-
scious cognition that they will use the technology again (Choi & Sun, 2016). Unlike the initial usage
intention, reuse intention (also sometimes modeled as continuance intention) depends not just on the
technical aspects of a given system but also on their prior experience in using the system (Choi &
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Sun, 2016). It is expected that two aspects of the user’s experience with the system will influence re-
use intention: enjoyment and novelty.

There is some evidence that enjoyment will influence reuse intention, although this evidence is
sparse. On study investigated e-learning for an open university course (Rodriguez-Ardura & Me-
seguer-Artola, 2016). These authors used the flow construct, which is a composite of immersion, en-
joyment, and loss of a sense of time during the system usage. The authors found that there was a di-
rect relationship between the experience of flow and the intention to reuse the technology, as well as
an indirect relationship through satisfaction. Another study investigated reuse intentions for immer-
sive games (Bueno et al., 2020). The authors found that enjoyment directly influenced the intention
to reuse the technology. These studies provide some support for the influence of enjoyment on reuse
intentions for immersive technology. Therefore, the fifth hypothesis is proposed:

H5: Enjoyment has a positive effect on reuse intentions for the immersive technology.

There is limited evidence for the role of novelty in reuse intentions for immersive technologies, in
part because novelty does not yet have an accepted definition or measurement. One group of authors
investigated Pokémon Gol (a leading AR-based game) found that the trendiness of the game did not
contribute to reuse or continuance intentions (Hamari et al., 2019). On the other hand, an investiga-
tion of AR-based try-on technology for online clothes shopping found that prior experience could
have an influence; specifically, the authors found that prior experience moderated the relationship
between environmental embedding and immersion (Song et al., 2019). These studies suggest but do
not prove that novelty may influence the intention to reuse immersive technology in general. An ad-
ditional research gap is that this evidence does not come from immersive learning but from purely
hedonic activities (gameplay and shopping). The sixth hypothesis is therefore included as an explora-
tory investigation:

H6: Novelty has a positive effect on reuse intentions for the immersive technology.

The evidence for the influence of user engagement on reuse intention is ambiguous and limited. The-
oretically, AR is argued to have an effect on the emotions of the user, including engagement with the
content shared through AR (Soon et al., 2023). This effect could contribute to the uset’s desire to re-
use or continue to use the technology. However, empirical evidence is limited to only a few studies,
of which only one took place among child learners. According to research on the IMAGINE immer-
sive learning system, students who used the immersive system were more engaged in learning and
more likely to express a desire to use the system again compared to other students (Gelsomini et al.,
2020). These findings were derived from reflective essays completed by students following the trial
rather than tested experimentally. So, although this study provides some evidence for such a link, it
does not prove it comprehensively.

A study among adult users of massive open online courses (MOOCs) found that learner engagement
was positively associated with learner persistence (including reuse and continuance intentions) (Jung
& Lee, 2018), but this study was conducted among adults. Another study which investigated informal
online learning among adults suggested that learning engagement was one of the contributing factors
to student continuance intentions (Wang et al., 2022). Like the study of Jung and Lee (2018), Wang et
al. (2022) were investigating adult learners. It is not surprising that there is no direct evidence for this
relationship in studies of AR use in elementary schools, given that the literature on this topic is sparse
(Basumatary & Maity, 2023). This limitation offers the opportunity to investigate a final hypothesis,
which states:

H7: User engagement has a positive effect on reuse intentions for the immersive technology.

The conceptual framework (Figure 1) illustrates the relationships identified within the literature re-
view. These hypotheses were evaluated in the quantitative stage of the research process, as well as in-
vestigated in the qualitative research. The methods used are described in the next section.
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RESEARCH METHODOLOGY

The research used an explanatory sequential (QUAN => qual) mixed-method design. The first phase
of the research was system development and testing conducted in a school setting, with quantitative
data collected using a pre/post approach. The second phase used expert interviews to examine the
outcomes and potential for implementation within other primary schools. Here, the quantitative re-
search is described, followed by the quantitative research.

QUANTITATIVE RESEARCH

System development

The first phase of research began with the development of a desktop-based AR game. The game was
designed as an educational game with a focus on Space Technology. Questions were drawn from the
Institute for the Promotion of Teaching Science and Technology (IPST) primary science textbooks.
Questions were adaptively staged so that as students got more answers correct, they would receive
harder questions. The game used controls and interaction techniques similar to leisure games; for ex-
ample, users could choose and customize avatars (within limits to keep avatars appropriate for class-
room play). The in-game content is regularly refreshed to promote novelty and enjoyment. The game
was developed using the Desktop AR software development kit (SDK) and was alpha and beta tested
using subject matter experts to ensure accuracy and evaluate gameplay.

Population and sample

Following the development of a trial version of the game above, a series of primary schools in differ-
ent areas of Thailand were selected as test sites. These schools included two public schools and two
private schools of similar size. Students from Grade 6 (Pratom 6) were selected using a quota sam-
pling approach to ensure equal representation of each school (n = 120 per school) and gender repre-
sentation (n = 240 for girls and boys). The final sample size included 480 students.
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Data collection

The trial version of the software was introduced in science and technology classes at approximately
the same time, and students were given one hour to play and experiment with the tool. The survey
collected information on student experience with AR and VR games, as well as the dimensions of the
study. Construct items were measured using a 7-point Likert scale, as this typically offers adequate
discrimination between responses around the center scale (Pimentel, 2019). This survey, which was
developed based on previous instruments (Bueno et al., 2020; Kilteni et al., 2012; Talukdar & Yu,
2024; Verhulst et al., 2021), is summarized in Table 1.

Table 1. Summary of student engagement survey

Construct Items Source

Presence P1. I felt present in the virtual space. Verhulst et al. (2021)
P2. I was completely captivated by the virtual world.
P3. The virtual world felt real.

P4. 1 had a sense of being there in the virtual world.
Embodiment | EMI1. I felt like I was actually within the game. Kilteni et al. (2012)
EM3. I felt like my body was in the space where the
game was being played.

EM3. I felt like I was standing behind the player in the
game, with their viewpoint.

EMA4. I felt like the game body was my own body.
EMS5. I felt like I was in control of the game.

EMG. I could do what I wanted in the game.

Enjoyment ENT1. I found this experience enjoyable. Bueno et al. (2020)
EN2. This game let me experience something I don’t in
everyday life.
ENG3. I had fun with this game.

Novelty N1. This experience was original. Talukdar and Yu (2024)

N2. This experience was different from what I had ex-
petienced before.
N3. This is a new kind of learning experience for me.

User engage- | Ul. I was mentally involved in the story while experi- Adapted from Oprean
ment encing it. and Balakrishnan
U2. I wanted to learn how the story ended. (2020)

U3. The story affected me emotionally.
U4. 1 was touched by the experience.

Reuse inten- | RI1. I would like to repeat this experience. Verhulst et al. (2021)
tion RI2. I would like to see more experiences like this.

RI3. I plan to look for more kinds of experiences like

this.

RI4. I plan to tell my friends about this experience.

Data analysis

The data analysis process began with an investigation of the scales, investigating internal consistency
using Cronbach’s alpha (= .70) and convergent validity using composite reliability (CR) (= .70) and
average variance extracted (AVE) (= .50) (Hair et al., 2019). Confirmatory factor analysis (CFA) was
then used to investigate factor structure in more detail (Brown, 2015). Descriptive statistics were cal-
culated, and skewness and kurtosis were used to investigate normal distribution (Holcomb, 2017). A
structural equation modeling (SEM) approach was used to test the hypotheses, as it is appropriate for
analyzing the structure of complex models of latent variables (Kline, 2023). The outcomes of the



Immersive Learning Using Desktop AR

quantitative research were used to test the conceptual framework and hypotheses, as well as to direct
the qualitative research.

QUALITATIVE RESEARCH

Following the completion of the trial and data collection from students, a panel of elementary school
science and technology teaching experts (n = 3) was selected. These experts had wide-ranging qualifi-
cations and experience in science teaching at the primary school level and were up to date with cur-
rent practices. Experts were selected from the participants in a broader study on immersive technol-
ogy and included teachers who had implemented immersive learning in the classtoom and/or who
had been tasked with investigating its implementation in the school.

Interviewees were given a trial version of the software to evaluate prior to the interviews. An inter-
view guide (Table 2) was prepared, addressing questions surrounding the use of immersive technol-
ogy in teaching and the experts’ impressions of the software and its suitability for use in their
schools. Following data collection, qualitative content analysis (Mayring, 2022) was used to analyze
the interview transcripts and provide summary assessments regarding the use of technology in
schools and the suitability of the software.

Table 2. Summary of the interview guide

Area of :
. Question
interest
Technology 1. Can you explain your school’s use of information technology in curriculum
and teaching and teaching?
2. Do students in your school have access to technology like tablets or
smartphones?
3. Do students in your school routinely have private technology like tablets or
smartphones?
4. Does your school currently use immersive technologies, such as AR or VR,
in teaching?
5. Can you describe your school’s experience with this technology?
6. To what extent is it implemented in routine teaching practice?
7. Is there resistance to the use of technology in your classrooms, and if so, what
do you think is the cause of this resistance?
Application 8. You were provided with a demonstration application that offer students the
development opportunity to engage in immersive learning for English vocabulary. To what
testing extent did you have the chance to inspect this application?
9. What are your thoughts on this application?
10. What use do you think this application could be in your school?
11. How could this application be made better for your school?
12. Did you encounter any problems while using the application?
School use 13. Do you think your school would buy this application for students?
14. If yes, why?
15. If no, why not?
16. How much per student would the school be willing to pay for a license for
this application?

RESEARCH ETHICS

As the research was conducted with children, there were several ethical obligations structured into
the research methodology. Consent was sought from both students and parents to ensure that stu-
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dents truly consented to the research participation (Farrimond, 2016). This consent procedure in-
cluded an information letter and permission slip (for parents), an in-class discussion, and active con-
sent (for children). The in-class discussion, which was tailored to the children’s age and knowledge of
both the scientific process and AR technology, revolved around what they would be doing and how
the researcher would use the knowledge gained (Oates, 2020). One of the key issues in educational
research is that research may be ‘opt-out’ without having an opportunity to truly opt out (Farrimond,
2016). The research addressed this by ensuring that students had an alternative activity (an interactive
language game) that did not detract from their learning if they chose not to take part and which was
freely available to them. Additionally, children were given the chance to ask questions about the re-
search prior to consent (Oates, 2020).

The results (presented in the following section) follow the process of the research, beginning with the
quantitative findings and then transitioning to the qualitative findings.

RESULTS AND DISCUSSION

PARTICIPANT PROFILE AND DESCRIPTIVE STATISTICS

A total of 480 students participated in the trial and survey, including 120 students from each of the
four schools. The participants were evenly divided between boys (n = 240) and girls (n = 240). All
participants had at least some experience with AR and VR games. Forty-five students (9.4%) played
once or twice a month, while 104 students (21.7%) played once or twice a week. T'wo hundred
ninety-five students (61.5%) played between three and six times a week, while 36 students (7.5%)
played AR or VR games every day.

Table 3 summarizes descriptive statistics for each item. Skewness and kurtosis ranged between -1 and
1 for all items, indicating an adequate level of univariate normal distribution (Hair et al., 2019).

Table 3. Descriptive statistics

N Mean S.D. Skewness Kurtosis
Statistic | Statistic Statistic Statistic | Std. Error | Statistic | Std. Error
P1 480 4.4771 1.24440 -.466 A11 .394 222
P2 480 4.4354 1.24461 -.309 A11 .056 222
P3 480 4.4479 1.23510 -.354 A1 137 222
P4 480 4.4208 1.28342 -.049 A11 .055 222
EM1 480 4.4417 1.21436 -.144 A11 .030 222
EM2 480 4.4500 1.21988 -.254 A11 162 222
EM3 480 4.4625 1.22374 -.280 A11 392 222
EM4 480 4.4333 1.24785 -.178 A11 .099 222
EM5 480 4.4375 1.24304 -.187 A11 .074 222
EMO6 480 4.4729 1.19816 -.265 A11 411 222
EN1 480 4.4250 1.22543 -.116 A11 -.011 222
EN2 480 4.4333 1.22761 -.192 A11 119 222
EN3 480 4.4104 1.21073 -.133 A11 173 222
N1 480 4.4229 1.19947 =277 A1 .140 222
N2 480 4.4083 1.24961 -.055 A11 .097 222
N3 480 4.3833 1.27565 -.159 A11 .102 222
U1 480 4.3417 1.24458 =141 A11 242 222
U2 480 4.4271 1.24415 -.042 A11 -.059 222
U3 480 4.3729 1.21254 -.195 A11 210 222
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N Mean S.D. Skewness Kurtosis
Statistic | Statistic Statistic Statistic | Std. Error | Statistic | Std. Etror
U4 480 4.3771 1.26849 -.157 A11 .092 222
RI1 480 4.3958 1.20610 -.152 11 -.027 222
RI2 480 4.3417 1.25627 -.044 A11 .014 222
RI3 480 4.4208 1.21146 -.072 A11 217 222
RI4 480 4.4042 1.25928 -.072 A11 -.003 222

RELIABILITY, VALIDITY, AND FACTOR STRUCTURE

The second stage of analysis focused on the reliability, validity, and factor structutre of the proposed
constructs (Table 4). Using the pre-established alpha value (= .70), all constructs were shown to be
adequately internally consistent. Additionally, the CR values (= .70) and AVE values (= .50) were all
indicative of convergent validity for the constructs based on standard cut-off values (Hair et al.,
2019). Therefore, adequate reliability and validity were found within the constructs.

Table 4. Reliability, validity, and structure of the constructs

Construct Item | Factor loading | ¢ CR | AVE
Presence P1 .89 .940 | 0.967 | 0.879
P2 94
P3 94
P4 94
Embodiment EM1 .95 985 1 0.961 | 0.801
EM2 94
EM3 .95
EM4 .95
EM5 .95
EM6 .95
Enjoyment EN1 .94 969 | 0.982 | 0.900
EN2 94
EN3 94
Novelty N1 94 9731 0.959 | 0.887
N2 .95
N3 94
User engagement | Ul .95 974 | 0.961 | 0.891
U2 93
U3 .96
U4 92
Reuse intention | RI1 .90 966 | 0.964 | 0.871
RI2 91
RI3 .95
RI4 .96

Note: a. = Cronbach’s alpha (= .70); CR = composite reliability (= .70);
AVE = average variance extracted (= .50) (Hair et al., 2019)

Additionally, CFA was conducted to investigate the factor structure of each of the six latent con-

structs (Presence, Embodiment, Enjoyment, Novelty, User Engagement, and Reuse Intention). The
measurement model is shown in Figure 2 (representing standardized estimates). A minimum factor
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loading of .60 or higher was set to ensure that all items were loaded onto the appropriate latent con-
struct. As summarized in Table 4 and represented graphically in Figure 2, all items are loaded onto
the expected latent construct. Furthermore, the measurement model fit was good according to vari-
ous measurement models (CFI = .986; TLI = .984; RMR = .012; RMSEA = .053). These values ate
all either above or below established thresholds (CFI = .95, TLI = .95, RMR < .08, RMSEA < .00),
which indicate a good fit among a measurement model (Hair et al., 2019). Overall, these results indi-
cated that the observed items adequately measured the intended latent constructs.
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Figure 2. Measurement model of six constructs (presence, embodiment,
enjoyment, novelty, user engagement, and reuse intention)

STRUCTURAL EQUATION MODELLING

The structural equation model (Figure 3) was used to investigate the causal relationships between the
immersive learning environment, user engagement, and reuse intention. The model was well fitted
(CFI = .985; TLI = .983; RMR = .012; RMSEA = .054), with values again all being above or below
established thresholds for good fit (CFI = .95, TLI = .95, RMR < .08, RMSEA < .06) (Kline, 2023).

The regression coefficients indicate that presence did not have a significant effect on user engage-
ment (§ = -0.07, p > .05), and neither did embodiment (§ = 0.02, p > .05). However, enjoyment (3
= .43, p <.001) and novelty (B = 0.62, p < .001) did have the expected significant effect. Enjoyment
(B = 0.43, p <.001) and novelty (B = 0.58, p <.001) did have a significant effect on reuse intention.
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User engagement (B = 0.08, p < .05) had a significant effect, but it was somewhat weaker than the
others. These results are summarized in Table 5 as they form the basis for hypothesis test outcomes.
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Figure 3. Structural model of the immersive
learning environment, user engagement, and reuse intention

As Table 5 shows, enjoyment and novelty influenced user engagement, but presence and embodi-
ment did not. Furthermore, enjoyment, novelty, and user engagement played a role in reuse inten-
tions. These findings contributed to the qualitative research, which is outlined in the following sec-
tion.

Table 5. Hypothesis test outcomes

Hypothesis Statement Outcome

1 Presence has a positive effect on user engagement in the im- | Not supported
mersive learning environment.

2 Embodiment has a positive effect on user engagement in Not supported
the immersive learning environment.

3 Enjoyment has a positive effect on user engagement in the Supported
immersive learning environment.

4 Novelty has a positive effect on user engagement in the im- | Supported
mersive learning environment.

5 Enjoyment has a positive effect on reuse intentions for the | Supported
immersive technology.
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Hypothesis Statement Outcome
6 Novelty has a positive effect on reuse intentions for the im- | Supported
mersive technology.
7 User engagement has a positive effect on reuse intentions Supported
for the immersive technology.

EXPERT INTERVIEWS

Following the completion of the quantitative assessment, expert interviews were conducted among
science and technology teaching experts (n = 3). The interviews revealed that the use of immersive
environments in teaching was limited, as was the use of technology in general. In School 1, students
did not typically have access to their own devices and were not provided with them, and most tech-
nology teaching is traditional and lab-based, with no use of AR or VR. School 2 does provide stu-
dents with tablets, but teachers set their own curriculum and teaching practices and may or may not
use AR or VR. Overall, most did not. School 3 does not provide devices or use AR or VR in teach-
ing; instead, it follows traditional technology teaching practices. Overall, the schools were not heavily
engaged in the use of immersive learning, and most had limited instruction in technology or using
technology overall.

Impressions of the software were positive but qualified by cost concerns. School 1’s expert felt that
the software was suitable for supplementary learning and that the material was appropriate. It was
noted as being potentially useful when students were moving into higher education, as it would help
them gain practice using technologically driven learning environments. School 2’s expert felt that the
software would be suitable for children who are reluctant to ask questions, as it provided a route to
self-discovery. Additionally, it was suitable for students hoping to build their technology skills along-
side their science knowledge. School 3’s expert also felt it was appropriate for self-study and test
preparation as well as learning. However, all three experts expressed concern about the cost of the
software, citing cost as one of the main reasons it may not be adopted. School 1’s expert noted that,
given low levels of funding in public schools, it was unlikely to be purchased for use. School 2 is a
ptivate school, but even so, School 2’s experts felt that 50,000 baht (or approximately 50 baht per pu-
pil) was the most the school could pay for it. School 3’s expert felt that 500 baht per student would
be suitable. Overall, therefore, while it did have some benefits, the software was viewed as very ex-
pensive given the potential benefits. These findings can be understood in the context of the literature
review, as discussed next.

DISCUSSION

The evaluation of the research hypotheses found some findings that were consistent with what was
expected, but others were inconsistent. Of particular note is that presence had a limited effect on
user engagement, as did embodiment. These two factors have been associated with user engagement
in past studies (Elwood, 2018; Gelsomini et al., 2020; Han, 2020; Kang et al., 2021; Lindgren et al.,
2013, 2016). However, it is notable that, except for Han (2020), these studies used AR tools based on
mobile devices or even conversion of entire spaces using a combination of mobile devices and pro-
jectors to transform an entire space. This is a more immersive approach than the desktop-based VR
used here or in Han’s (2020) study (Hung et al., 2021). However, it is also more expensive, and as the
expert interviews indicated, the cost of implementation is of significant concern for schools that
might consider implementing such a technology. Therefore, this requires balancing the effectiveness
of the technology in promoting user engagement and the actual usability of the technology under re-
alistic budget and space constraints for primary schools.

The research showed that enjoyment and novelty were associated with user engagement, as well as
with reuse intention. Both of these are novel findings to some extent. Enjoyment has been associated
with engagement in learning in other contexts (Guo, 2021; Imlig-Iten & Petko, 2018) but had weaker
evidence for a reuse intention, with authors identifying mainly indirect relationships (Bueno et al.,
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2020; Rodriguez-Ardura & Meseguer-Artola, 2016). Novelty has only had indirect evidence for an
effect on engagement (Innocenti et al., 2019; Salar et al., 2020), as well as for an effect on reuse inten-
tion (Hamati et al., 2019; Song et al., 2019). This study suggests that these aspects of the immersive
learning environment could have a stronger influence among young learners than they have been
found to have among older learners, a possibility that should be investigated.

Finally, the study confirmed that user engagement did influence reuse intention. This finding was
supported in some other studies (Gelsomini et al., 2020; Jung & Lee, 2018), but this research pro-
vides much more direct evidence for such a relationship. However, it should be considered that this
effect was overall weak, although it is unclear why. It is possible that the children’s age and perceived
low levels of control over reuse may have affected reuse intention, as reuse intention depends on fac-
tors like perceived control over the decision (Choi & Sun, 2016). This is an area which requires more
research. Suggestions for future research, as well as the implications of the study, are discussed next.

IMPLICATIONS

The study has some academic and practical implications. One academic implication is that it high-
lighted how Oprean and Balakrishnan’s (2020) model of learning engagement can be operationalized
and integrated into technology usage models to investigate outcomes like continuance intention. For
example, learning engagement could be used as a specific construct in order to investigate continu-
ance intention for other forms of immersive learning and technology-based learning. Given that this
was one of the major gaps in the research, with only a few other studies investigating it, this is worth
undertaking. Another academic implication is that enjoyment and novelty cannot be overlooked as
sources of continuance intention for technology. Although their effects may differ in different tech-
nology contexts, it is worth examining what role they play, especially in technologies like AR, which
are designed to have an emotional impact (Soon et al., 2023). With respect to practical implications,
the study showed that AR does have value for primary learners, promoting engagement in the learn-
ing process and continuance intention for the technology itself. At the same time, the expert inter-
views revealed several barriers to adoption, particularly the cost of software. Therefore, even if AR is
a useful tool for learners, it may struggle for adoption in light of constrained school budgets. This is a
significant issue for the conclusion of the research.

While these tindings were specific to Thailand, the findings do have some global applicability for de-
veloping immersive learning tools for elementary learners. First and foremost, immersive learning
tools need to be developed with sensitivity to the plausible level of technology in the elementary
classroom. Technology in elementary classrooms may not be as limited as it is in the Thai schools
studied, but it is also unlikely to be extensive. Therefore, immersive learning tools need to be de-
signed with this in mind. Furthermore, enjoyment was a determining factor in engagement and reuse
intention. Therefore, immersive learning tools should, above all, be fun for the users.

CONCLUSION

The investigation of immersive learning among primary school students is still in its beginning stages
of development. This research, building on prior studies, has shown that primary school children
tind immersive learning engaging and do form reuse intentions for the technology. Furthermore, the
study shows that the characteristics of the immersive learning environment itself, including presence,
embodiment, enjoyment, and novelty, do contribute to user engagement within the environment.
However, the research findings illustrate that the implementation of immersive learning in primary
schools may not be straightforward. The expert interviews revealed that most schools were not using
immersive technology and furthermore did not have the resources to do so. Therefore, there is still
more research and development, and more assignment of resources needed before immersive learn-
ing is a pragmatic learning group for the primary level.
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This research has contributed to the literature by investigating immersive learning in a relatively unu-
sual group. It has shown that primary learners may be different in terms of the factors in their en-
gagement and what determines their reuse intentions for technology than older learners. The study
also contributes pragmatically by illustrating both the value that immersive learning could provide at
the primary level and the limitations of implementing immersive learning. Furthermore, the study
suggests that desktop-based immersive learning may not be as engaging as mobile device-based im-
mersive learning. Therefore, future implementation of immersive learning at the primary level may
need to focus on mobile device-based learning.

There were some limitations to this research. The findings were based on a single trial of the soft-
ware, which had not been fully developed at the time of implementation. Furthermore, the study was
conducted amongst a group of experienced immersive technology users who regularly used immer-
sive games. This could affect the influence of novelty on the reuse intention, as it has previously been
suggested that naive users may have different responses than experienced users. The research pre-
sented here was only part of a larger project, and findings are still emerging from this project. Thus,
later findings may lead to critical reassessment of these eatly-stage findings.

Opportunities for future research arise from this study. The first opportunity for future research is a
more extensive investigation into user engagement among young learners. This research suggests that
primary school learners may be motivated by and engaged by different aspects of immersive learning
than their university-level counterparts, who have been the main focus of most prior research. There-
fore, additional research into how younger students engage with immersive learning environments
would be appropriate to better understand some of the different findings that occur when younger
students are investigated. Another opportunity for additional research is a comparison of desktop-
based, mobile device-based, and environment-based AR to evaluate different effects on user engage-
ment and learning outcomes. Previously, most studies have only investigated outcomes in a single en-
vironment, so it is difficult to determine whether, for example, user presence and embodiment are
different when using different technologies and what impact this may have on learning.
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